Introduction
In silyl and germyl chlorides, bromides and iodides the lowest lying fundamentals v 3 and v 6 are the only ones which are apparently unperturbed by vibrational and rotational resonances. Their analysis is of particular interest because they are constituents of overtones and combination bands which may interact with the other fundamentals and which should therefore be understood prior to a study of V,, v 2 , v' 4 and V5.
In previous contributions dealing with germyl halides [1] we have reported on the fundamental v 3 of H 3 GeCl, H 3 GeBr and H 3 GeI [2] , the fundamental v 6 of H 3 GeCl [3] and have studied the Coriolis -Yv-resonance coupled pairs v 3 /v 6 and v 2 /v 5 of H 3 GeF [4] . These investigations were throughout performed on monoisotopic material because the presence of five Ge isotopes with abundances between 7.7 and 36.7% provokes extensive mutual blending and makes spectra of natural material difficult to analyze.
The present contribution extends the previous work and deals with the rotational analysis of v 6 of H 3 74 GeI located near 550 cm -1 , several of its hot bands and the overtone 2v 6 . It is a general feature of the heavier silyl and germyl halides that both Reprint requests to Prof. Dr. H. Bürger, Universität-Gesamthochschule. Gaußstr. 20. D-5600 Wuppertal 1.
components / = ± 2 and / = 0 of the overtone 2 v 6 are sufficiently intense to be observed, unblended and not affected by possible perturbers. The v 6 fundamental of natural H 3 GeI has been studied previously with an (estimated) resolution in the order of 1 cm -1 [5, 6] , and Q K peaks were assigned.
As will be shown unambiguously in this contribution. the previous K assignment was in error by 3, and therefore the recommended frequency of v 6 has to be corrected by as much as 12.2 cm -1 .
Experimental
Germyl iodide H 3 74 GeI was prepared from 74 Ge0 2 (Oak Ridge; 98.9% 74 Ge) as described previously [2] , Samples were handled and purified in a vacuum system and the purity, in particular the absence of the dismutation products GeH 4 and H 2 GeI 2 , was checked using conventional low-resolution infrared spectroscopy.
A Nicolet type 7199 interferometer equipped with a KBr/Ge beam-splitter and MCT type B detector was used to obtain the spectra of samples at pressures from 15 to 60 mbar in 18.6 cm glass cells fitted with KBr windows. 150016 data points were collected at 1.26 (im intervals in each scan; 2000 scans were accumulated in 9 h.
The Fourier-transformed spectrum under these conditions showed a resolution typically of about 0.04 cm -1 . Calibration was by comparison with lines of H 2 0 and C0 2 [7] , the absolute wavenumber accuracy of peak-finder evaluated lines being ^ 3 • 1CT 3 cm -1 in the v 6 region and ^ 4 • 10" 3 cm -1 in the 2v 6 region. Rotation -suppressed spectra recorded with a resolution of 0.12 cm -1 , so that no /-structure was resolved, had low noise levels and permitted weak Q-branches of hot bands to be found and measured ( Figs. 1 and 2 ).
Hot bands analysis
The low vapour pressure of H 3 GeI requires that the spectra are recorded close to room temperature. At 298 K, the major hot bands of v 6 
2-14%
The shape of the hot bands corresponds to that of the cold band, if the upper and lower levels are unperturbed. This has been shown previously [2] to apply to v 3 , and this study confirms that also v 6 is unperturbed on the actual level of precision.
Due to the unfavourable relation between 2 B and the resolution, ~ 2.5, the spectra are dense, and it was impossible to assign with certainty individual rotational lines due to any of the hot bands, but Q branches of 2 v°6 resolution spectra to which a A"-dependent correction had been applied are listed in Tables 1 and 2 . They were subjected to a cubic least-squares fit. The results are set out in Table 3 . The meaning of the coefficients has been tabulated previously [8] .
From the polynomial fits and the shapes of the Q branches it follows that, within the limitations of this study, all levels involved are apparently rotationally unperturbed. This is particularly relevant for the behaviour of v 3 + v 6 at 793.8 cm The conditions for rotational /(± 1, ± 1) (Coriolis .Y, V) resonance between V 2 and V 3 + V 6 are however favourable, the r 3 =r 6 =l, / 6 = + l, K' = 5, and t'2= 1, K' = 4 levels respectively linked by the (AK-Al) = 0 condition being very close [11] . From the fact that q Q 4 of v 2 and R Q 4 of (v 3 + v 6 ) -v 3 are regularly shaped we conclude that the effect of this possible rotational resonance, if at all, is too small to be evident from our spectra. Nevertheless, our neglect of the effects of such interactions in the rotational analysis means that the parameters derived must be regarded as effective values.
Rotational analysis

Ground State
The rotational constant B 0 has been determined by mw spectroscopy [12] . A value, A 0 2.6418 cm - [2] , and D°J K = 2.57 (7) • lO^cm" 1 has been deduced for all isotopic H 3 GeI species from the mw spectra [12] . Due to ambiguities in that study concerning Dj and the isotopy dependence of DJ K which should largely exceed the quoted uncertainty this value has been disregarded. In this study values predicted from a harmonic force Field which is essentially consistent for all germyl halides and based upon all the data actually available have been adopted for Dj, D°J K , and D%, Table 4 . Wherever comparable, such force field data are in agreement Table 1 . Q Branch edges of several hot bands of v 6 (cm ') and differences A (10 3 cm '). with reliable experimental data. The adopted ground state parameters are set out in Table 4 and held fixed in the least squares refinement procedure.
Spectra and assignment
A survey spectrum in the v 6 region is displayed by Fig. 3 while Fig. 4 shows an expanded detail with assignments. The spectrum is dominated by strong, unresolved, red-degraded Q branches of v 6 , and Q branches of hot bands are recognized as well. Rotational J structure is clearly resolved, and the assignment is unambiguously evident from missing lines. Due to the density of the spectrum, mutual blending occurs, which mainly affects the Ki= 3p lines. The rotational spacing of the subbands is regular. Figure 5 illustrates the central part of the 2v° region. In Fig. 2 Table 2 ), branches and Qp. R 3 (J") lines.
to the considerable K splitting however the apparent "J clusters" comprise components which differ both in J and K.
The assignment of the Q branches of 2vg 2 is based on (a) their intensity alternation, (b) the comparable intensities of P Q and R Q peaks for equivalent K values and (c) the position of first r R k (K) and p P k (K) lines. The red-degraded Q branches are broad and unresolved, but have sharp high-frequency edges. Due to the mutual blending of 2vg 2 and 2v<j and the increased intensity of hot bands compared to v 6 , less rotational details are resolved, the most prominent features being r R k (J) and p P K {J) lines for K= 3 p.
Determination of molecular parameters
Upper state energy levels were calculated according to the formula
where A relates to the 1(2, 2) resonance affecting the K" = 0 subband of v 6 (not 2 v 6 , see below) and takes the value +2qJ(J+\), depending on whether AJ = 0 or AJ = ± 1 with the sign convention of [ 15] ,
A least squares refinement procedure was used to fit the measured transition energies to upper state parameters. In the course of the refinement it turned out that the excited state centrifugal distortion constants Dj, D'JK and D' K could not be determined with significance and therefore they were constrained to ground state values. A total of 859 lines of v 6 up to J" and K" values of 63 and 13, 244 lines of 2VÖ 2 and 130 lines of 2v° were measured and subjected to the fit procedure. In spite of the density of the spectra The final molecular parameters of the v 6 = 1 and 2 states are set out in Table 4 . The correlation matrix for the v 6 = 1 parameters is given in Table 5 . Observed and calculated line positions are available as supplementary material [16] .
Discussion
The rovibrational analysis of v 6 should be considered as an effective value.
2V 6 is apparently not affected by possible /(+ 2, ±2) resonance between 2 v® and 2v6 2 , correlated upper state levels being well separated. The K' = 1, / = -2 level is, however, close 1 cm -1 ) to the K' = 2, /= + 2 level, and resonance might occur. This has in fact been observed in H 3 SiCl for of 2v<p [14] , but does not appear to be significant in H 3 GeI. On a whole, the data concerning the n v 6 states of H 3 GeI evaluated in this study are consistent, complete and indicative of fairly unperturbed levels. Improvement and more sophisticated evaluation of details must wait until improved ground state parameters are experimentally available and spectra at substantially better resolution can be obtained.
